Mangrove species have been proved as an important coastal bio-resources and most productive ecosystem of the world. In the present attempt, two mangrove species viz., Bruguiera gymnorrhiza and B. cylindrica were selected for starch isolation and characterization. Isolated starch was tested for various physico-chemical and other properties like gelatinization, amyloseamylopectin ratio, foaming capacity, emulsion capacity, particle size analysis through Fourier transform infrared (FT-IR) technique, X-ray diffraction (XRD), Scanning Electron Microscopy (SEM) and differential scanning calorimetry (DSC). Starch endotherms were analyzed to determine enthalpy (∆H), peak onset (T0), peak maximum (Tp), and peak conclusion (Tc) for both the mangrove species. The gelatinization enthalpy (ΔHG) of the starch from B. gymnorrhiza showed 18.71 J/g which was higher than the starch of B. cylindrica (15.98 J/g). As per particle sizing system, most of the granules ranges from 0.72-0.76 µm in B. gymnorrhiza, while granules in starch of B. cylindrica ranges from 4.5-6.5 µm in size. But SEM analysis revealed that the granules are found to be larger in size. FT-IR spectra showed that isolated starch samples of both the species exhibited slightly similar pattern. XRD patterns showed predominantly C-type crystallinity for both the species. Compared to the range of thermal and other properties of starch, it can be suggested that the range of variability was limited in both the Bruguiera species.
Introduction
Starch, majorly constitutes carbohydrate and is composed of two types of polysaccharide molecules, amylose and amylopectin. As far as mangroves are concerned, most of the species are explored for nutritional supplement, medicines, timber, fiber, charcoal and so on. Myriad types of chemical compounds and secondary metabolites are identified and tried for isolation and characterization. Starch has key role in the process of germination and seedling physiology. The literature shows very little information on isolation and properties of mangrove starch [1] . Starch from mangroves is not properly characterized for physico-chemical nature and utility. Therefore, in the present investigation it was proposed to study starch as an important biomolecule in mangrove physiology as well as important potential resource for industry.
Various techniques were employed to study different properties of starch like X-ray diffraction (XRD), particle size analysis, Fourier transform infrared spectroscopy (FT-IR), Differential scanning calorimetry (DSC) etc. Among them, DSC is a very powerful tool to study the thermal behavior of starches, including gelatinization [2] [3] [4] [5] [6] [7] [8] [9] . The extensive research has been conducted on the structural and functional properties of main commercial starches such as wheat, corn, potato and rice, as they are readily available and their extensive utilization in food and nonfood applications [10] . From DSC, gelatinization and retrogradation properties were studied. Starch granules swell when heated in excess water and their volume fraction and morphology play important role in the rheological behavior of starch dispersions [11] [12] [13] .
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In present study, ecologically most diverse and adaptive group of plants was under consideration for starch isolation. Mangroves are the salt tolerant plants that grow in tropical and sub-tropical regions of the world. These highly adapted plants have many peculiar features than the terrestrial and aquatic plants. Therefore, the objective of the present study was to isolate and characterize the starch from propagules of Bruguiera species viz., Bruguiera gymnorrhiza L. and B. cylindrica (L.) Blume.
Material Collection
The propagules of both the species of Bruguiera were collected from coastal regions of Sindhudurg districts (West coast of Maharashtra).
Methods

Starch Isolation
Starch was isolated by the method of Isao et.al (2004) [1] with some modifications of Patil and Chavan, (2013) [14] .
Physicochemical Properties pH
The method reported by Benesi et al., (2004) [15] was used for pH determination. 5 g of starch sample was added to 20 ml of distilled water in a beaker. The contents were stirred for 5 min. Starch was allowed to settle and the pH of the water phase was measured using a calibrated pH meter (ELICO LI 120).
Foaming capacity
Foaming capacity was determined by the method of Onwuka (2005) [16] . 2g of starch sample homogenized in 100 ml distilled water by using vortex mixer for 5 min. The homogenate was poured into 250 ml of measuring cylinder and the volume occupied after 30 s was noted. The foam capacity was expressed as the percent increase in volume. The mean of three replicate determinations is presented.
Emulsion capacity
Emulsion capacity of each starch sample was determined by the method of Solulski (1962) [17] . 2g starch powder was dispersed in 25 ml of distilled water and vortexed for 30 s. 25 ml of vegetable oil was then added gradually and then mixed continuously for another 30 s. The suspension was centrifuged at 1600 rpm for 5 min. The volume of oil separated from the sample was taken directly from the tube. Emulsion capacity was measured as the amount of oil emulsified and held per gram of sample.
Paste Clarity
Paste clarity was determined by the method of Nand et al., (2008) [18] . Starch samples were suspended in distilled water to yield 1% (w/v) slurries in screwcap tubes. pH of the slurries were adjusted to 2, 4, 6, 8, 10 and 12 by the addition of 0.1M HCl or NaOH as required. The tubes were then heated in boiling water bath (with occasional shaking) for 30 min. After cooling to ambient temperature, the percent transmittance (%T) at 650 nm was determined using a spectrophotometer against water as blank.
Water binding capacity (WBC)
WBC of the starch from propagules of Bruguiera species was determined using the method of Yamazaki (1953) [19] , as modified by Medcalf and Gilles (1965) [20] . A suspension of 5g starch (dry weight) in 75 ml distilled water was agitated for 1 h and centrifuged for 10 min. The free water was removed from the wet starch, which was then drained for 10 min. The wet starch was then weighed.
Amylose content
Amylose content of the isolated starch was determined by using the method of Williams, Kuzina and Hlynka (1970) [21] . A starch sample (20 mg) was taken and 10 ml of 0.5N KOH was added to it. The suspension was thoroughly mixed. Then the sample was transferred to 100ml volumetric flask and makeup volume was done with distilled water. 10ml of test starch solution was pipetted out into 50ml volumetric flask and 5ml of 0.1N HCl was added followed by 0.5ml of iodine reagent. The volume was diluted to 50ml and the absorbance (A) was measured at 625 nm using a spectrophotometer. 
Granular morphology
Starch granule morphology was determined by using biological research microscope (LYNX LM-52-1803).
Particle size analysis
The starch suspension was made in distilled water and mixed properly. Then the particle size distribution was examined by a Particle Sizing Systems, Inc. Santa Barbara, Calif, USA.
X-ray diffraction
X-ray diffraction patterns were analyzed using Bruker D8 Advance. The continuous scan was recorded from 2Ɵ (5-50) on diffractometer.
Scanning Electron Microscopy (SEM) study
SEM analysis was done by using JEOL JSM-6360A Analytical Scanning Electron Microscope.
Fourier transform infrared spectroscopy (FT-IR) Study
In order to determine the structure of starch of both species, FT-IR spectra were obtained using FT-IR (Perkin Emler Spectrum 100). The spectra were recorded in transmission mode from 5,000 to 400 cm -1 .
Thermal properties
The thermal characteristics of the isolated starch were studied by using a differential scanning calorimeter (DSC, SDT Q600 V20.9 Build 20) . Starch (∼6mg dry weight) was loaded into DSC pan. An empty pan was used as a reference. The scanning temperature range and heating rate were 25-200 C and 10 C /min., respectively. Onset (T0), peak (Tp) and conclusion (Tc) temperatures ( c) and enthalpy change (∆H, J/g of dry starch) were determined. The gelatinization temperature range (R) and peak height index (PHI) was calculated as 2 (Tp -T0) and ∆H /(Tp -T0), as described by Krueger, Knutson, Inglett and Walker (1987) [22] .
To study the retrogradation of starch, gelatinized starch was stored at 4 ̊ C for 2 days and then at 37 ̊ C for 7 days. The DSC parameters of the retrograded starch were calculated as described above. The percentage of retrogradation was calculated as,
% R = (enthalpy of retrogradation / enthalpy of gelatinization) × 100
Statistical analysis
The data reported in all tables are an average of triplicate observations. Pearson correlation coefficients (r) for the relationships between all properties were calculated using Microsoft Excel 2007.
Results and Discussion
Starch Isolation
The average extracted starch content from the propagules of B. gymnorrhiza and B. cylindrica were 28.0% and 31.6% respectively. The isolated starch powder is slightly creamy to brownish in colour and amorphous in nature. 
Physico-chemical Parameters of isolated starches:
All the physico-chemical properties of starch isolated from both the Bruguiera species were depicted in Table 1 . Both the starches have nearly same pH value while, amylose content in starch of B. cylindrica was found to be low. Foaming capacity is much important in the maintenance of the texture and structure of different food products. Starch of Bruguiera cylindrica showed less significant foaming capacity, while both the Bruguiera species exhibited good emulsion properties. Emulsion capacity determines the maximum amount of oil that can be emulsified by protein dispersion.
Water binding capacity (WBC) of starch of B. gymnorrhiza was observed to be highest than the starch of B. cylindrica. The difference in the degree of availability of water binding sites among the starches may have contributed to the variation in WBC among different starches [23] . For determination of paste clarity, % transmittance was measured as a function of wavelength for starch paste. Stuart et al., (1989) [24] observed that more opaque paste gave a lower % transmittance. This implies that starch of B. cylindrica (39.78%) is more opaque than the starch of B. gymnorrhiza (81.22%).
A B Particle size analysis
The particle size of starch is one of the most important characteristics, which may influence other physicochemical properties such as swelling power, paste clarity and water binding capacity [10] . Figure 2 (A & B) 
X-ray diffraction
According to the characteristic X-ray diffraction lines, the crystal structure of starch can be divided into four types, including A, B, C and V type. Of these A, B and C-type are the crystal structures of natural starch, and V type is crystalline and typical of the complexes formed by amylose and lipids. The A and B types are two extremes that can be easily distinguished, and they differ in crystalline structures [25, 26] . The X-ray diffraction patterns of the starches are shown in Figure 3 (A & B) . X-ray diffraction pattern is the 'fingerprint' of the crystal structure within starch grains. The overall pattern displayed in both starch samples was C-type, which is considered to be mixture of A-and B-type crystallite.
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SEM Analysis
The shape of starch granules can be generally divided into four classes: spherical, elliptic, polygonal, and irregular. Granule microstructure is the inherent feature of botanical starch, which is often the basic underlying factor affecting its physicochemical and functional properties. The shape of starch granules in B. gymnorrhiza was polygonal to oval, while starch granules of B. cylindrica were found to be elliptic, spherical to irregular in shape ( Figure 6 (A & B) shows FT-IR spectra of the starch samples of Bruguiera gymnorrhiza and B. cylindrica in the 5000-500cm -1 regions respectively. The IR spectrum of starch samples was described by seven main modes, with maximum absorbance peaks near 3,500, 3000, 1,600, 1,400, 1,000, 800 and 500 cm -1 [27, 28] . The band absorbance in starch have been assigned and matched with the vibrational modes of the chemical bonds and the structures of starch molecules by many other researchers [29] . 
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A B FT-IR Study
Thermal properties of starches
The results of DSC analysis of starch isolated from both Bruguiera species are summarized in Table 2 The transition temperatures observed for the Bruguiera starches were higher than those earlier observed for corn, wheat, potato and rice [10] . B. gymnorrhiza starch showed lower RG value and higher peak height index (PHI) than other. The differences in the RG values among the both Bruguiera starches may due to the presence of crystalline regions of different strength in the granule [32] .
B. cylindrica starch with low To, broad R, low peak height index (PHI) has irregular and large sized granules. Yamin, Lee, Pollak and White (1999) [33] reported that low To, broad R and low PHI of starches might have irregularity shaped granules or granules of many different sizes.
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Patil and Chavan Table 3 : Retrogradation properties of Bruguiera starch T0R, onset temperature; TPR, peak temperature; TCR, conclusion temperature; ∆HR, enthalpy of Retrogradation; Rr 2(TPR -T0R), retrogradation range; %R, ratio of enthalpy of retrogradation to enthalpy of gelatinization × 100.
Retrogradation is the gelatinized, amorphous starch molecules process that tends to recrystallize in a double helical structure during storage. The retrogradation properties of Bruguiera starch are presented in Table 3 . The gelatinization temperature of retrograded starch was higher than that of native starch (Figure 7 A & 
Conclusion
Botanical sources greatly affected the composition and other properties of starch. Variation in the physicochemical, gelatinization and retrogradation properties of starches from Bruguiera species was observed. Physicochemical as well as functional properties obtained indicate that starch isolated from both the Bruguiera species can be used as alternative source owing its appreciably values of emulsion capacity and paste clarity. However, the starch isolated exhibited good water absorption capacity and emulsion properties. The Bruguiera starches exhibited a Ctype diffraction pattern. The correlation analysis of the physico-chemical and thermal properties of Bruguiera starches provided valuable information on the mechanisms contributing to the functional properties of the starches. Therefore, it is necessary to conserve this valuable gene pool.
